The corrosion of mild steel in H 2 SO 4 was studied using gravimetric, gasometric and IR methods. The results indicate that the rate of corrosion of mild steel in H 2 SO 4 increases with increase in the concentration of the acid and that ethanol extracts of the seeds and leaves of Azadirachta indica inhibit the corrosion of mild steel in H 2 SO 4 . Inhibition efficiencies of the leaves and seeds extract range from 82.62 to 94.24% and from 60.55 to 84.78%, respectively. The inhibition potential of these extracts is attributed to the presence of tannin, saponin, glycoside, anthraquinone, flavonone and other phytochemicals in the extracts. IR study confirms that the inhibitors are adsorption inhibitors and the adsorption of the inhibitors on mild steel surface is exothermic, spontaneous and consistent with the assumptions of Flory-Huggins adsorption isotherm. Based on the values of the activation, free energy of adsorption and the variation of inhibition efficiency with temperature, a physical adsorption mechanism is proposed for the adsorption of ethanol extract of leaves and seeds of Azadirachta indica on the surface of mild steel.
Introduction
Corrosion of metals is a serious environmental problem that has been given adequate attention in the oil and gas industries because, during industrial processes such as acid cleaning and etching, metal surfaces are often made to come in contact with acidic medium, indicating that the use of inhibitors in necessary [1] [2] [3] . Although there are numerous options for controlling the corrosion of metals, the use of inhibitors is one of the best methods of protecting metals against corrosion. An inhibitor can be chosen from compounds that have
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Materials
Materials used for the study were mild steel sheet of composition (wt %) Mn (0.6), P (0.36), C (0.15) and Si (0.03) and the rest Fe. The sheet was mechanically pressed cut to form different coupons, each of dimension, 5×4×0.11 cm. Each coupon was degreased by washing with ethanol, rinsed with acetone and allowed to dry in the air before preservation in a desiccator. All reagents used for the study were analar grade and double distilled water was used for their preparation.
Extraction of plants
Leaves and seeds of Azadirachta indica were obtained from the Akwa Ibom State Botanical garden in Uyo, South-South Nigeria. The respective samples were dried, grounded and soaked in a solution of ethanol for 48 hours. After 48 hours, the samples were cooled and filtered. The filtrates were further subjected to evaporation at 352 K in order to leave the sample free of the ethanol. The stock solutions of the extract so obtained were used in preparing different 
Chemical analysis
Phytochemical analysis of the ethanol and aqueous extracts of Azadirachta indica leaves and seeds was carried out according to the method reported by Ndukwe et al. [20] . The pulverized plant materials (325.60 g) were defatted using redistilled petroleum spirit (333 -353 K) of fatty acid and their derivatives. The defatted pulverized plant materials were then successively and exhaustively extracted with ethanol. Frothing and Na 2 CO 3 tests were used for the identification of saponin, bromine water, ferric chloride tests were used for the identification of tannin, and Leberman's and Salkowski's tests were used for the identification of cardiac glycodises, while dragendorf, Hagger and Meyer reagent tests were used for the identification of alkaloid.
Infra red analysis
IR analyses of ethanol extract of the seeds and leaves of Azadirachta indica and that of the corrosion products (in the absence and presence of ethanol extract of seeds and leaves of Azadirachta indica) were carried out using BUCK model 500M infra red spectrophotometer. The sample was prepared using KBr and the analysis was done by scanning the sample through a wave number range of 400 to 4000 cm -1 .
Gasometric method
Gasometric methods were carried out at 303 and 333 K as described in the literature [21] . From the volume of hydrogen gas evolved per minute, inhibition efficiency (%I) and degree of surface coverage (θ) were calculated using equations 1 and 2, respectively: 
Gravimetric analysis
In gravimetric experiment, a previously weighed mild steel coupon was completely immersed in 250 mL of the respective test solution in an open beaker. The beaker was inserted into a water bath maintained at 303 K. After every 24 hours of immersion, each sample was withdrawn from the test solution, washed in a solution containing 50% NaOH and 100 g/L of zinc dust. The washed sample was dried with acetone before re-weighing. The difference in weight for a period of 168 h was taken as total weight loss. From the weight loss results, the inhibition efficiency (%I) of the inhibitor, degree of surface coverage and corrosion rates were calculated using equations 3, 4 and 5, respectively:
where W 1 and W 2 are the weight losses (g/dm 3 ) for mild steel in the presence and absence of inhibitor in H 2 SO 4 solution, respectively, θ is the degree of surface coverage of the inhibitor, A is the area of the mild steel coupon (in cm 2 ), t is the time of immersion (in hours) and W is the weight loss of mild steel after time t. Values of the corrosion rates of mild steel (in the absence and presence of ethanol extract of leaves and seeds of Azadirachta indica) and inhibition efficiencies of ethanol extracts of leaves and seeds of Azadirachta indica are recorded in Table 1 . Values of inhibition efficiency obtained from gasometric method correlated strongly with those obtained from gravimetric method (r = 0.9256 and 0.6536 for the seed and leave extracts, respectively). The results also reveal that the inhibition efficiencies of ethanol extract of leaves and seeds of Azadirachta indica increased with increase in the concentration of the extracts, but decreased with increase in temperature, suggesting that these extracts are adsorption inhibitors and that the mechanism of adsorption is physical adsorption. Also, the corrosion rates of mild steel in the presence of ethanol extract of seeds and leaves of Azadirachta indica were found to decrease with increase in the concentration of the extracts, indicating that these extracts retarded the corrosion of mild steel in H 2 SO 4 [21] . From Fig. 3 , it is seen that values of inhibition efficiency of ethanol extract of Azadirachta indica leaves are higher than the values obtained for ethanol extract of Azadirachta indica seeds, indicating that ethanol extract of the leaves inhibits the corrosion of mild steel more than the seed extract. The difference in inhibition efficiencies of the two extracts may be due to the difference in their phytochemical constituents. Eddy and Ebenso [9] noted that the phytochemical constituents of plant extract, such as saponnin, tannin, alkaloid, glycoside, anthraquinone and flavanoid, are the major factors that determine the inhibition efficiency of the plant extract. Table 2 shows the phytochemical constituents of ethanol extract of leaves and seeds of Azadirachta indica. The activation energies for the adsorption of ethanol extract of Azadirachta indica on the surface of mild steel were calculated using the Arrhenius equation [22] [23] [24] [25] [26] CR = A exp(-E a /RT) (6) Within the temperature range of 303 (T 1 ) to 333 K (T 2 )
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, equation 6 can also be written as follows:
where E a is the activation energy, CR 1 and CR 2 are the corrosion rates at the temperatures T 1 (303 K) and T 2 (333 K), respectively. Values of E a calculated from equation 7 are recorded in Table 3 . These values were found to range from 47.86 to 69.91 kJ/mol and from 49.97 to 73.62 kJ/mol for ethanol extract of leaves and seeds of Azadirachta indica, respectively. The observed results indicated that the adsorption of these extracts is consistent with the mechanism of physical adsorption. For a physical adsorption mechanism, the activation energy should be less than 80 KJ/mol, as observed in the present study [27 -29] . Also, the values of E a obtained in the presence of ethanol extract of leaves and seeds of Azadirachta indica were higher than the value of 27.62 KJ/mol obtained for the blank, indicating that the extracts retarded the corrosion of mild steel in H 2 SO 4 . The activation energies were also observed to increase with increasing in the concentration of the extracts, indicating that there is increasing ease of adsorption of the inhibitors with increasing concentration. The heat of adsorption (Q ads ) of ethanol extract of leaves and seeds of Azadirachta indica on the surface of mild steel was calculated using equation 8 [12] 
where θ 1 and θ 2 are the degrees of surface coverage at the temperatures, T 1 (303 K) and T 2 (333 K), respectively. Values of Q ads calculated from equation 8 are recorded in Table 3 . These values are negative, indicating that the adsorption of ethanol extract of leaves and seeds of Azadirachta indica on the surface of mild steel is exothermic. The adsorption characteristic of the inhibitors was also studied by fitting data obtained for degree of surface coverage into different adsorption isotherms. The tests reveal that the adsorption of ethanol extract of leaves and seeds of Azadirachta indica on the surface of mild steel is best described by FloryHuggins adsorption isotherm. The assumptions of Flory-Huggins adsorption isotherm can be expressed as follows, log(θ/C) = logK + xlog(1-θ) (9) where x is the number of inhibitor molecules occupying one site (or the number of water molecules replaced by one molecule of the inhibitor). The plots of log(θ/C) versus log(1-θ) (Fig. 4) were linear, confirming the application of FloryHuggins isotherm to the adsorption of ethanol extract of leaves and seeds of Azadirachta indica on the surface of mild steel. Values of the adsorption parameters deduced from Flory-Huggins plots are presented in Table 4 . The values of x obtained for the leave extract were higher than those obtained for the seed extract, suggesting that the adsorption behaviour of the leave extract is better than that of the seed extract. Inhibition efficiency depends on several factors, such as the number of adsorption sites and their charge density, pH of the corrodent, molecular size, heat of hydrogenation, mode of interaction with the metal surface and the formation of metallic complexes [29] . Due to adsorption, inhibitor molecules block the reaction sites and reduce the rate of corrosion. The inhibitor molecules inhibit the corrosion of mild steel by adsorption on the mild steel-solution surface; the adsorption provides the information about the interaction around the adsorbed molecules themselves as well as their interaction with mild steel surface. The inhibition of the corrosion of mild steel by ethanol extracts of seeds and leaves of Azadirachta indica can partly be attributed to substitutional adsorption involving Fe in mild steel and the inhibitor (inh) as follows, -(Inh} ads to cover the metal surface (if the inhibitor concentration was low or the adsorption rate was slow), metal dissolution would take place at sites on the mild steel surface which are free of Fe-(Inh) ads . With high inhibitor concentration a compact and coherent inhibitor over layer is formed on the surface of mild steel thereby reducing the extent of chemical attack on the metal [8] . The equilibrium constant of adsorption of ethanol extract of leaves and seeds of Azadirachta indica on the surface of mild steel is related to the free energy of adsorption (∆G ads ) according to equation 11 [18] [19] [20] :
∆G ads = -2.303RTlog(55.5K) (11) where R is the gas constant, T is the temperature, K is the equilibrium constant of adsorption and 55.5 is the molar concentration of H 2 SO 4 . Values of K obtained from Flory-Huggins adsorption isotherm were substituted into equation 11 to obtain values of ∆G ads which are also recorded in Table 4 . These values are negatively lower than the threshold value of -40 KJ/mol required for chemical adsorption, hence the adsorption of ethanol extract of leaves and seeds of Azadirachta indica on the surface of mild steel is spontaneous and favours the mechanism of physical adsorption. Also, the average value of ∆G ads obtained for the adsorption of the ethanol extract of Azadirachta indica leaves was greater than the value for the seed, indicating that the leaves extract is better adsorbed on the surface of mild steel than the seeds. Generally, the more negative the value of ∆G ads , the stronger the strength of adsorption, as observed in this study. -1 , indicating that there is interaction between the inhibitor and the surface of mild steel [29] . Also C (triple bond) N stretch, the N-H bend, the C-C stretch and the C-N stretch were missing in the spectrum of the corrosion product, indicating that the inhibitor was adsorbed to the surface of mild steel through these bonds [14] . However, for the seeds extract, the -OH stretch at 2922.32 cm -1 was shifted to 3165.43 cm -1 , the C=O stretch at 1710.95 cm -1 was shifted to 1669.73 cm -1 , the C-N stretch at 1244.08 cm -1 was shifted to 1121.93 cm -1 , while the C-H oop was shifted from 723.03 cm -1 to 880.61 cm -1 , indicating that there is interaction between the inhibitor and the surface of mild steel. Also the C-H bend and the = C-H bend were missing in the spectrum of the corrosion product, indicating that these bonds must have been used for the adsorption of the inhibitor on the surface of mild steel [29] . 
Conclusion
From the study, it was concluded that ethanol extract of leaves and seeds of Azadirachta indica are good adsorption inhibitors for the corrosion of mild steel. However, the inhibition efficiency of the leaves is better than that of the seeds. The inhibition of the corrosion of mild steel by ethanol extract of the leaves and seeds of Azadirachta indica is due to the phytochemical constituents of the extract. These phytochemical constituents enhanced the adsorption behaviour of the inhibitors. The adsorption of ethanol extract of the leaves and seeds of Azadirachta indica is spontaneous and occurred according to the mechanism of physical adsorption. The formation of multimolecular layer of adsorption as described by Flory-Huggins adsorption isotherm also supported this assertion. The corrosion product of mild steel is not IR active, but in the presence of ethanol extracts of Azadirachta indica leaves and seeds, the IR spectra of the corrosion product confirmed that these extracts inhibited the corrosion of mild steel by being adsorbed on the surface of mild steel and that there is interaction between the inhibitor and the surface. In view of the above conclusion, the use of ethanol extracts of seeds and leaves of Azadirachta indica as inhibitors is recommended.
